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Muscle Protein Synthesis as Assessed by Ribosome
Analysis and Nitrogen Use After Surgery
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Total parenteral nutrition (TPN) was given for 3 days after
elective abdominal surgery. The control group (N = 9) received
TPN only and one group of patients (N = 6) received TPN
supplemented with ornithine-alpha-ketoglutarate (0.35 g/kg
bw/day). Protein synthesis in skeletal muscle was assessed
from the total ribosome concentration and the percentage of
polyribosomes. In the control group the total concentration of
ribosomes decreased after surgery by 23% (p < 0.05) and the
percentage of polyribosomes decreased by 21% (p < 0.01),
whereas in the ornithine-alpha-ketoglutarate group both vari-
ables remained unaffected. The cumulative urinary urea excre-
tion was significantly larger in the control group than in the
ornithine-alpha-ketoglutarate group (p < 0.05). The calculated
nitrogen balance was negative in the control group on each day
of the study (p < 0.05), but that of the ornithine-alpha-ketoglu-
tarate group was not statistically different from zero. The re-
sults show that postoperative maintenance of muscle protein
synthesis and a more effective nitrogen use was achieved by
supplementing TPN with ornithine-alpha-ketoglutarate, 0.35

g/kg bw/day.

diate post-traumatic period is characterized by
whole body protein catabolism and a negative ni-
trogen balance.! Nutritional support, including total
parenteral nutrition (TPN), counteracts the nitrogen
losses and improves the negative nitrogen balance with-
out attaining equilibrium.?? The postoperative nitrogen
supply is influenced by increasing the total amount of
nitrogen provided* or by increasing the proportion of
branched chain amino acids given,>® without reversing
the negative nitrogen balance to positive values.
After trauma, protein metabolism is influenced dif-
ferently in individual tissues; skeletal muscle is of special
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interest because it constitutes the largest protein reser-
voir in the human body.” Protein synthesis in skeletal
muscle decreases after surgery,>® whereas the rate of
protein breakdown remains unaffected after surgery of a
moderate magnitude.®® Nutritional support does not
seem to be sufficient to reverse these changes.>?
Supplementation of TPN with ornithine-alpha-keto-
glutarate has been shown to maintain nitrogen balance
after abdominal surgery.'? The characteristic postopera-
tive increase in the intracellular concentrations of some
essential amino acids in skeletal muscle is also counter-
acted by ornithine-alpha-ketoglutarate.'! In this investi-
gation following elective abdominal surgery, a control
group of patients received TPN only. Another group,
given TPN supplemented with ornithine-alpha-ketoglu-
tarate, showed a lower cumulative urinary urea excre-
tion and a maintenance of skeletal muscle protein syn-
thesis as assessed by the concentration and size distribu-
tion of ribosomes compared with the control group.

Materials and Methods
Patients

Fifteen metabolically healthy patients admitted to the
hospital for elective cholecystectomy participated in the
study. Their voluntary consent was obtained after the
study’s purpose, procedure, and risks were explained.
The study protocol was approved by the Ethics Com-
mittee of the Karolinska Institute, Stockholm, Sweden.
The characteristics of the patients, along with the oper-
ating time and the postoperative blood loss, are given in
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Table 1. Premedication was given in the form of mor-
phine-scopolamine and anesthesia was administered
using pentothal, diazepam, fentanyl, pencuronium, and
N,O/O,. As prophylaxis against postoperative throm-
botic complications, 500 mL of dextran 70, 60 mg/mL
(Macrodex, Pharmacia Infusion, Uppsald, Sweden), was
given. Intercostal blocks using bupivacaine, 5 mg/mL
(Marcain, Astra, Sodertilje, Sweden), were administered
to relieve postoperative pain and ketobemidone was
given on request. No patients requiring replacement of
blood products were included in the study.

Nutritional Support

The patients were given intravenous fluids, 35 mL/kg
bw/day. During the surgical procedure, 25 mg/mL of

glucose (Rehydrex, Pharmacia Infusion) was infused.

TPN included 0.2 g N/kg bw/day given as a balanced
amino acid solution (Vamin-Glukos, KabiVitrum,
Stockholm, Sweden) and 135 kJ/kg bw/day was sup-
plied as equal parts of fat (Intralipid, KabiVitrum) and
carbohydrate (Glukos, 100 mg/mL, Pharmacia Infu-
sion). The nutrition was supplemented with electrolytes,
trace elements (Addex-Kalcium Spar, Pharmacia Infu-
sion), and vitamins (Vitalipid Adult and Soluvit, Kabi-
Vitrum). On the day of operation, half the nutritional
regimen was administered.

The patients were randomized into two groups. The
control group (N = 9) followed the TPN regimen pre-
viously described and the ornithine-alpha-ketoglutarate
group (N = 6) was given the TPN regimen supple-
mented with ornithine-alpha-ketoglutarate, 0.35 g/kg
bw/day (Ornicetil, Laboratoires Jaques Logeais, Paris,
France). This amount of ornithine-alpha-ketoglutarate
contains 0.01 g/kg bw/day of nitrogen, which was in-
cluded in the calculation of the nitrogen balance but was
disregarded as a nitrogen source with regard to the com-
parability of the two groups. The caloric content of 0.35
g of ornithine-alpha-ketoglutarate is approximately 5 kJ,
which was regarded as neglectable as an energy source in
the calculations.

Ribosome Analysis

The method for analyzing the ribosomes from skeletal
muscle has been described in detail previously.'> Muscle
biopsy specimens of 50 mg wet weight were taken by the
percutaneous needle technique after local anesthesia of
the skin."® The specimens were frozen in liquid nitrogen
within 2 minutes and then stored at —80 C for less than
2 weeks before analysis. The biopsy specimens were ho-
mogenized in a medium containing an RNase inhibitor.
After centrifugation at 1500 X g for 10 minutes, the
pellet was saved for the determination of DNA. The
supernatant was ultracentrifuged at 102,000 X g for 2
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TABLE 1. Characteristics of Patients and Surgical Procedure
(Mean + SEM)
Ornithine-alpha-
Control ketoglutarate
Group Group
Sex (female/male) 5/4 4/2
Age (years) 38+ 4 58+ 6
Height (cm) 171 £ ‘4 168 + 4
Weight (kg) 70+ 4 69+ 6
Operating time (min) 86 £ 15 102 + 12
Peroperative blood
loss (mL) 210+ 30 180 + 40

hours in a 40.2 rotor (Beckman Instruments, Palo Alto,
CA). The ribosome pellet obtained was suspended in
medium. A portion of the suspension was layered onto a
linear density gradient between 0.4 and 1.5 M sucrose.
After centrifugation in a SM 50.1 rotor (Beckman In-
struments) for 60 minutes at 149,000 X g, the gradient
was pumped through a continuous flow cuvette and the
absorbency was monitored at 260 nm. The area under
the absorbency curve was determined. The total ribo-
some concentration was determined from the absor-
bency at 260 nm. The concentration was expressed as
optical density (OD) units per milligram of tissue DNA.
The DNA content was analyzed by a fluorometric
method'* using salmon DNA as a standard.

Urea Excretion and Nitrogen Balance

Urine was collected in 24-hour portions and assayed
for urea.!> The serum concentration of urea was deter-
mined daily and it varied less than 2 mmol/L; hence, the
total urea pool of the patients was considered constant
since there was no change in their body weight during
the study. The nitrogen balance was calculated using the
approximation suggested by MacKenzie,'¢ estimating
the nonurea urinary nitrogen losses to be 1.8 g/24 hours
and the nonurinary nitrogen losses to be 1.7 g/24 hours.

Statistics

All values are given as mean + SEM. Student’s t-test
for paired samples was used to compare different obser-
vations, and a two-way analysis of variance was used to
compare the two different groups.!’

Results

Skeletal muscle biopsies were performed immediately
before the operation and on the morning of the third day
after surgery. The ribosome fraction was isolated from
the biopsy specimen and the concentration and size dis-
tribution of the ribosomes was determined. The péercent-
age of polyribosomes was determined from the ribo-
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TABLE 2. Total Ribosome Concentration, Percentage of
Polyribosomes, and Concentration of Polyribosomes in
Skeletal Muscle of Patients Undergoing Elective
Abdominal Surgery (Mean + SEM)

Ornithine-alpha-
Control ketoglutarate
Group Group
Total ribosome concentration (OD/mg DNA)
Before surgery 492+ 5.6 40.0 + 4.7
After surgery 37.5 £ 4.4* 42.5 + 3.5%
Percentage of polyribosomes
Before surgery 50.6 + 1.5 523+27
After surgery 39.0 + 3.3t 53.2 + 1.8§
Polyribosome concentration (OD/mg DNA)
. Before surgery 234+29 209 +2.6
After surgery 14.5 £ 2.5| 22.6 + 1.9§

*p < 0.01, ip < 0.05, |p < 0.001 compared with preoperative
values; 1p < 0.05, §p < 0.01 compared with control group.

some profile, where the area under the curve is propor-
tional to the amount of ribosome particles of different
mass. The percentage of polyribosomes out in the total
number of ribosomes decreased by 21% on the third day
after surgery compared with the initial values in the
control group (p < 0.05). No such decrease was demon-
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FIG. 1. The polyribosome concentration in skeletal muscle before sur-
gery and on the third postoperative day in patients undergoing elective
abdominal surgery. Patients received TPN (N = 9, filled circles) or
TPN supplemented with ornithine-alpha-ketoglutarate (N = 6, open
circles). The values are expressed as percentage of the original values
noted before surgery. In the control group, the polyribosome concen-
tration decreased significantly (p < 0.001). There was no postoperative
decrease in the ornithine-alpha-ketoglutarate group. On the third post-
operative day there was a significant difference between the two groups
(p < 0.01). Values are given as mean + SEM.
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TABLE 3. Daily Urinary Urea Excretion and Calculated
Nitrogen Balance in the Period Immediately Following
Elective Abdominal Surgery (Mean + SEM)

Ornithine-alpha-
Control ketoglutarate
Group Group
Urinary urea excretion (mmol/24 hr)
Postoperative Day 1 278 +36 89 +28
Day 2 464 =+ 46 500 +82
Day 3 486 + 32 404 *46
Calculated nitrogen balance (g/24 h)
Postoperative Day 1 —-43+ 1.0 09+ 0.8
Day 2 25+ 1.3 -37+ 23
Day 3 =31+ 09 -1.0+ 1.3

strated in the ornithine-alpha-ketoglutarate group
(Table 2). The alteration was significantly different be-
tween the two groups on the third postoperative day (p
< 0.05).

A comparison of the pre- and postoperative condi-
tions in the control group showed a decrease in the total
concentration of ribosomes per milligram of DNA by
23% on the third day after the operation (p < 0.01; Table
2). In the ornithine-alpha-ketoglutarate group no differ-
ence between the values was noted before and after sur-
gery. On the third day following surgery the changes
were significantly different between the two groups (p
< 0.05). The concentration of polyribosomes per milli-
gram of DNA was calculated from the total concentra-
tion of ribosomes and the percentage of polyribosomes.
In the control group there was a 38% decrease in the
polyribosome concentration between the original value
and that of the third postoperative day (p < 0.001; Table
2). In contrast, the ornithine-alpha-ketoglutarate group
showed no change in the polyribosome concentration 3
days after surgery (Fig. 1). On the third day after surgery
the difference between the two groups was highly signifi-
cant (p < 0.01).

Urinary urea was analyzed in 24-hour portions (Table
3). There was a significant larger cumulative excretion
during the initial 3 days after surgery in the control
group compared with the ornithine-alpha-ketoglutarate
group (p < 0.05). Nitrogen balance was calculated from
the urinary excretion of urea as presented in the Mate-
rials and Methods section. In the control group the ni-
trogen balance was negative on each day of the study (p
< 0.05; Table 3). In the ornithine-alpha-ketoglutarate
group the nitrogen balance was not statistically different
from zero on any of the first 3 days after surgery. The
cumulative nitrogen balance was calculated for the ini-
tial 3 postoperative days (Fig. 2). The difference between
the two groups became statistically significant on day 3
after surgery (p < 0.05).
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Discussion

Protein metabolism was evaluated by ribosome analy-
sis. The total concentration of ribosomes is interpreted
as a measure of the capacity for protein synthesis.'®!° A
high content of polyribosomes corresponds to a high
rate of protein synthesis.?’ Hence, the percentage share
of polyribosomes is a measure of the activity of protein
synthesis. Especially when several consecutive samples
are available, changes in protein synthesis activity can
be studied over a prolonged period.!>!®2! The reproduc-
ibility of total ribosome concentration per milligram of
DNA and the percentage of polyribosomes is approxi-
mately 6% in both cases when the current technique is
used.?

Protein synthesis in skeletal muscle was assessed from
the total concentration and size distribution of ribo-
somes. Applied to human muscle tissue, this technique
shows a decrease in both variables after elective abdomi-
nal surgery, regardless of whether TPN is given in the
immediate postoperative period.> An isonitrogenous
amino acid solution enriched with branched-chain
amino acids cannot prevent this decrease.® Supplemen-
tation of a standard TPN program with ornithine-
alpha-ketoglutarate prevented the fall in both the total
ribosome concentration and the percentage of polyribo-
somes. These findings are in accordance with the nor-
malization of the intracellular concentrations of free
branched chain and aromatic amino acids seen after
surgery.!! The preserving effect of ornithine-alpha-keto-
glutarate on whole-body nitrogen economy, as indicated
by the improvement in nitrogen balance, confirmed
previous results.'°

The mechanism for the nitrogen sparing effect of or-
nithine-alpha-ketoglutarate is not clear. Supplementa-
tion of TPN with ornithine has no beneficial effect on
nitrogen economy after surgery (E. Vinnars, unpub-
lished results). One hypothesis is that alpha-ketogluta-
rate, being the corresponding ketoacid to glutamic acid,
can counteract the increase seen after trauma in nitro-
gen efflux from the periphery to the splanchnic area.
Ornithine-alpha-ketoglutarate, 0.022 g/kg bw/h, given
for 150 minutes to healthy male volunteers after an
overnight fast, does not affect the efflux of amino acids
from peripheral tissue.?* The effect on amino acid flux
in patients in protein catabolic states remains an open
question. To improve nitrogen use and to benefit from
the nitrogen sparing effect, ornithine-alpha-ketogluta-
rate possibly should be given with a nitrogen supply.

The balanced amino acid solutions that are commer-
cially available do not include glutamine, and the con-
tent of glutamic acid is limited by its tendency to evoke
nausea when given in high concentrations. The alpha-
ketoglutarate included as ornithine-alpha-ketoglutarate
presumably provides enough carbon skeletons to com-
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FI1G. 2. The cumulative calculated nitrogen balance on days 1-3 imme-
diately after elective abdominal surgery. Patients received TPN (N =9,
open bars) or TPN supplemented with ornithine-alpha-ketoglutarate

(N = 6, hatched bars). There was a significant difference between the
two groups on each day (p < 0.05). Values are given as mean + SEM.

pensate for a shortage of glutamine/glutamic acid in the
commercially available amino acid solutions. In animal
experiments, post-traumatically administered gluta-

- mine prevents the profound decrease in the intracellular

free glutamine concentration in skeletal muscle seen
otherwise,?* and the overall nitrogen economy is im-
proved. Ornithine-alpha-ketoglutarate given to patients
undergoing colonic resection does not prevent the de-
crease in the intracellular concentrations of free gluta-
mine.!' In animals both the influx of branched chain
amino acids and the total intracellular free amino acid
nitrogen are correlated to the efflux of amino acid nitro-
gen from peripheral tissue after surgery. To determine if
a shortage of glutamine is the critical poirt in post-trau-
matic protein catabolism, it seems reasonable to give
glutamine to human subjects also. The pharmaceutical
difficulty involved in preparing a stable glutamine solu-
tion remains a crucial problem. The dipeptides cur-
rently available for research purposes may be another
future source in this context.

In conclusion, after elective abdominal surgery, TPN
supplemented with ornithine-alpha-ketoglutarate pre-
vented the decrease in skeletal muscle protein synthesis
normally observed with TPN only and diminished uri-
nary urea excretion. The findings suggest the use of orni-
thine-alpha-ketoglutarate as a supplement to nutritional
support after major surgery and in septic patients. The



678

mechanisms underlying the nitrogen sparing effect of

ornithine-alpha-ketoglutarate are not clear and require
further investigation.
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